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02IDATI0I  OF  O-UITEO  TOLUOL  TO 
0-HITRO  BENZOIC  ACID 

IIITRODUCTION 

The  object  of  this  research  is  to  deter- 
mine whether  anthranilic  acid  (o-amino  henzoic 
acid)  could  be  made  commercially  from  a  compara- 
tively cheap  material  such  as  the  corresponding 
nitro-toluol,  and  to  determine  the  conditions 
under  which  the  necessary  steps  should  be  carried 
out  in  order  to  produce  a  product  capable  of 
being  manufactured  in  competition  with  antliranilic 
acid  as  now  made.  Anthranilic  acid  is  not 
ordinarily  obtainable  in  the  open  marked  inasmuch 
as  most  manufacturers  use  all  they  make  for  the 
synthesis  of  indigo.   It  is,  therefore,  difficult 
to  get  a  reliable  figure  on  the  present  market 
price,  but  it  seems  that  a  fair  yalue  at  the 
present  time  is  $3.50  per  pound  in  commercial 
quantities. 

At  present  the  method  of  manufacture  is, 
briefly,  this:  naphthalene  is  oxidized  to  phthalic 
anhydride  by  heating  it  with  sulfuric  acid  in  the 
presence  of  mercuric  sulfate.  Phthalic  anhydride 

T".     Per  kin  and  Kipping  "Organic  Chemistry",  P.  664 


is  converted  to  phthalimide  "by  heating  it  with 
ammonia  under  pressure,    and  the  phthalimide  is 
converted  to  anthranilic  acid  hy  heating  it  with 
an  alkali  hypochlorite. 

There  are  many  other  methods  "by  which 
anthranilic   acid  may  be   obtained  but  a  review 
of  the  literature   seems  to   show  that  most   of 
them,    either  because  of  the  difficulties  involved 
in  carrying  them  out,   or  because  of  the   cost   of 
materials  or  reagents  involved,   are   of  purely 
theoretical  rather  than  practical  interest.      It 
may,   however,   be  of  value  to  cite  a  few  of  these. 

It   is  evident,    of   course,    that  the  general 
method   of  o:d.dation  may  be  applied  by   suitable 
modification  of  the    coLiaioxons,    to   o-nitro-toluol, 
o-nitro   benzaldehyde,    o-nitro  benzyl  halide, 
alcohol,    or  aldehyde  with  subsequent  reduction 
of  the  nitro  group  and,   in  general,    it  may  be  said 
that  the  partially  oxidized  compounds  listed  above 
are  more  readily  oxidized  to   the  acid  than  is  the 
toluol.      In  every  case,   hov/ever,   the  ortho  isomer 
is  the  most  difficult   of  the  three  possible 

r:     Berichte  17,386   (1B84) 


isomeric  forms  to  osidize,    as  would  be   espected 
from  the  usaal   inhibitory  action  of  the  negative 
group  in  the  orbho  position.      In  addition  to  the 
above  listed  possibilities  there  is  also  the 
ortho  toluidene  which,   v;hen  acetylated  to  protect 
the  amino  groiip,   may  be   oxidized  with  potassium 
permanganate  and  saponified  to  a  salt   of  anthra- 
nilic  acid.      Of  the  above  possibilities  the  toluol 
and  toluidene  are  the  only  two  materials  commercial- 
ly available  at  a  reasonable  price,   and  of  the  two 
the  toluol  is   slightly  the  cheaper.     The  protection 
of  the  amino  group  during  oxidation  is  hardly  a 
comiaercial  possibility  and  thus  the  toluol  appears 
to  be  the  logical  rav/  material  to  start  with. 
Assuming  then  tliat  a  fairly  pure  o-nitro 
toluol   such  as  is  available  in  large   quantities  is 
used, several   interesting  possibilities  are  at   once 
apparent.      One   such  suggests  itself  immediately 
inasmuch  as  both  anthranilic  acid  and  o-nitro 
toluol  have  the   same   empirical  formula  CjrH^IOg 
and  at   once  give  rise  to  the  possibility  of  an 
intramolecular     rearrangement  to  produce  the  desired 
result.     A  simple  calculation  of  the  heats  of 
formation  of  anthranilic  acid  and  of   o-nitro  toluene 
will  show  that   such  a  rearrangement   is  at  least 


theoretically  possilDle,   the   former  having  a 
considerably  lower  heat   of  formation  than  the 
latter.     Two  methods  for  "bringing  ahout   this   change 
have  "been  described. 

Liguid  bromine  is  allowed  to  drop  slowly 
into   o-nitro  toluene  heated  under  a  reflux  con- 
denser to  170*^.     The  action  is  strongly  exothermic 
and,    once  started,  needs  no  external  application 
of  heat,    the  temperature  being  controlled  by  the 
speed  of  addition  of  the  bromine.     When  the  theoreti- 
cal amount   of  Brg  in  e qui -molecular  proportions 
has  been  added,   allow  the  solution  to   cool.     V/arm 
it   slightly  and  treat  with  a  solution  of   sodium 
carbonate.     Acidify  with  acetic  acid  and  filter  off 
the  3-5  dibrom-ortho-amino-2  benzoic  acid  as  a 
cheesy,   yellowish-white  precipitate.     Heat  the 
acid  with  a  solution  of  bartum  carbonate,   filter 
off  any  tar,    acidify,   and  again  filter   off  the 
dibrom  anthranilic  acid.      Recrystallize  from  alcohol. 

A  second  interesting  rearrangement  of  o-nitro- 
toluol  to  anthranilic  acid  may  be  brought  about  in 
the  presence  of  alkali  hj^dr oxides.^  If  equal  parte 
of  KOH  and  o-nitro  toluene  are  heated  with  one-half 
part  of  water  on  a  water -bath  for  5  hours  the  prod- 
uct will  contain  22%  anthranilic  acid,    12-1/2% 

Tl     Berichte  15,290 
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0-toluidene,   4-l/£^o  Tincliangel  o-nitro   toluene, 
and  ifo  of  ammonia  will  "be  eYolved,   percentages 
iDeing  calculated  on  the  weiglit   of  o-nitro  toluene 
at   start.     The  toluidene  and  nitro-toluene  are 
removed  "by  steam  distillation  and  the  anthranilic 
extracted     with  ether  or  precipitated  from  a  dilute 
acetic  acid  extract  with  copper  acetate,   the  copper 
salt  iDeing  afterwards  decomposed  ty  hydrogen 
sulfide.     The  ahove  proportions  seem  to  represent 
about  the  optimum  conditions  so  far  as  the  per- 
centage of  water  is  concerned.     DoulDling  this 
quantity  reduced  the  yield  to   0.4^. 

^Then  5  g.   o-nitro  toluene  were  mixed  with  50 
cc.   of  alcoholic  potash  and  allowed  to   stand  in 
the   cold  for   eight  months  a  small  percentage   of 
anthranilic   acid  was  recovered  from  the  solution. 
But  when  nitro  toluene  is  heated  on  a  water -bath 
with  dry,  potash  a  violent  exothermic  reaction  takes 
place  and  as  above  ammonia,   toluidene,   and  anthra- 
nilic acid  are  formed  together  with  much  tar. 
Eichter  in  his   "Organischen  Chemie"   (1913)  gives 
the   following  steps  for  the  reaction  tetv/een  nitre- 
toluol  and  alkali  liquors 

(1)  (2)  (3)  (4) 

o-nitro  toluol     o-nitroso         antliranil     anthranilic 
benzyl  alcohol  acid 
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While  the  above  changes  are  interesting  from 
a  theoretical  standpoint,  the  low  yields  and  the 
difficulties  of  separation  and  purification  of 
the  resulting  product  make  them  impractical 
commercially  and  the  v/ork  was  conducted  along  the 
lines  of  oxidation  of  the  methyl  group  for  the 
production  of  o-nitro  benzoic  acid  which  can  then 
"be  reduced  to  anthranilic  acid  by  any  suitable 
means . 


7. 


PRELninuEy  sttoy  of  oxidizieg  agekts 

Before  lieginning  ttie  actual  work  of  oxi- 
dation it  was  decided  to  make  a  brief  preliminary- 
study  of  the  behaviour  of  potassium  permanganate 
Vifhen  the  osidizable  material  was  not  present,  it 
haying  been  decided  to  use  permanganate  as  the 
best  oxidant  for  o-nitro  toluol.  This  preliminary- 
study  was  undertaken  to  determine,  if  possible,  the 
effect  of  concentration  and  time  of  boiling  on  the 
rate  of  spontaneous  decomposition  of  potassium 
permanganate  in  the  presence  of  oxides  of  manganese. 
The  material  use4  analyzed  99%  t-heoretical 
oxidizing  value  when  titrated  against  sodium  oxalate 
in  sulfuric  acid  solution.  In  every  case  thje 
permanganate  was  run  into  the  oxalate  heated  to  60 
to  70°,  as  this  gave  more  concurrent  results  than 
the  reverse  titration. 

The  method  in  brief  was  as  follows:  The 
desired  quantity  of  permanganate  was  weighed  and 
accurately  dissolved  in  100  cc.  of  v/ater  and  then 
boiled  in  a  250  cc .  Srlenmeyer  Jflask  (with  a  little 
MhOg)  under  a  reflux  condenser  for  the  proper  time. 
The  flask  was  then  removed,  and  the  solution  filtered 
with  suction  through  a  thick  asbestos  mat  on  a  Buch- 
ner  funnel  which  had  previously  been  thoroughly  washed 
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with  permanganate.   Care  liad  to  "be  taken  to  leave 
the  surface  of  the  mat  undisturbed  for  llnOg  had  a 
tendency,  otherwise,  to  pass  through  and  could  not 
be  detected  in  the  filtrate  "because  of  its  deep 
color.  After  v/ashing  the  ashestos  with  distilled 
water  the  filtrate  and  washings  were  placed  in  a 
volumetric  flask  and  diluted  to  the  mark.  Aliquot 
portions  were  then  titrated  as  ahove  indicated. 
The  difference  "between  the  result  thus  obtained  and 
weight  of  permanganate  used  at  start  represents 
the  quantity  decomposed. 

The  solutions  at  the  start  were  all  neutral 
"but  developed  some  alkalinity  as  decomposition 
progressed.   One  half  the  final  alkalinity  in  per 
cent  KOH  was  assumed  to  "be  the  average  for  the  whole 
run  {Ta"ble  1).   These  figures,  while  showing  consider- 
a"ble  irregularity,  give  a  curve  on  ordinary  cross- 
section  paper  approximately  a  rectangular  hyperbola. 
When  plotted  on  log-log  paper,  however,  (Pig.)  it 
will  be  seen  at  once  from  curves  (A),  (B),  (C),  which 
represent  the  original  data,  that  the  curves  on 
cross-section  paper  are  not  strictly  speaking  hyper- 
bolae. By  the  usual  method  of  obtaining  a  straight 
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line  from  suoh.  a  curve  as  (A),  viz.,  "by  adding 
equal,  increments  to  the  ordinates,  the  desired 
result  was  not  obtained  Taut  a  curve  with  an 
inflection  point  in  the  center.  A  straight 
line  could  be  drawn  through  this  approximating 
the  results  between  certain  limits  and  its 
equation  obtained,  but  it  seemed  better  to  go  on 
and  attempt  to  get  a  real  solution  rather  than  an 
approximation.  After  trying  many  methods  of  attack 
a  means  was  finally  found.  This  consisted  of 
getting  the  slope  of  curve  (A),  for  instance,  for 
each  point  and  plotting  this  against  G  giving 
curve  (A'),  and  then  repeating  this  procedure 
upon  (AM  to  give  {A"),  and  similarly  for  curves 
(B),  (B'),  (B"),  (C),  (C)  and  (C").  The  slopes 
in  every  case  were  obtained  in  the  usual  way;  a 
line  parallel  to  a  tangent  to  the  curve  (at  the 
point  desired)  is  drawni through  an  origin  and  its 
ordinate,  where  it  cuts  the  axiS  of  ordination, 
divided  by  its  abscissa.  Por  any  given  line  paral- 
lel to  a  tangent  the  slope  is,  say,  log  12.1  s  1.082. 

log  10 
This  figure  is  then  plotted  against  the  corresponding 

value  of  G  (grams  minO^   per  liter)  to  torn,  the 
next  higher  derivation  curve. 

When  a  straight  line  was  finally  obtained  in 
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the  second  derivatiye  cuarve,  the  equation  proved 
to  te  a  transcendental  one  of  a  very  comples  order 
and  was  not  fully  worked  out,  both  "because  of  the 
difficulties  of  integration  and  because  what  work 
was  done  on  it  showed  it  to  be  so  complex  as  to 
effectually  hide  the  physical  significance  that 
was  being  sought  for  in  the  algebraic  expression  . 
The  presence  of  the  extraordinarily  sharp  break  in 
cijrves  (A"),  (B"),  (C")  is  particularly  interesting, 
the  breaks  lying  as  they  do  almost  at  the  same  point 
in  the  value  of  G-  and  indicating  a  decided  change 
in  conditions.  Throughout  the  entire  possible 
range  of  concentrationsa  decrease  in  concentration 
was  accompanied  by  an  increase  in  the  per  cent 
decomposition,  the  normal  curve  approximating,  as 
has  been  said,  a  rectangular  hyperbola,  but  deviat- 
ing from  it  more  and  more  rapidly  as  the  concentration 
of  ZtlnO^  decreased  as  shovm  in  (A),  (B),  (C),  Fig. A. 
This  deviation  towards  a  somewhat  lower  percentage 
decomposition  than  that  given  by  a  true  hyperbola  is, 
however,  uniform  and  could  be  expressed  by  a  constant 
coefficient  of  G,  that  is  P^  =  ^  where  P^  is  the 
actual  deviation  in  percent  decomposed  from  that 

given  by  a  hyperbola.  But  when  G  reaehes  a  value  of 
T.      The  writers  wish  to  express  their  gratitude  to 
Asst.  Professor  W.C.  Krathwohl,  PH.D.  for  his 
generosity  of  time  and  effort  devoted  to  help  and 
suggestions  on  the  problem  of  integrating  tliis  loga- 
rithmic second  differential  expression. 
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from  0.45  to  0.80  grams  per  liter  this  simple 
expression  no  longer  holds  good;  a  sharp  change 
and  a  definite  and  uniformly  increasing  coefficient 
is  now  reqaired  to  replace  K  such  that  it  shall  vary 
inversely  as  G  or  as  a  power  of  G  where  that  power 
is  greater  than  unity. 

The  effect  of  time  of  boiling  and  concentration 
of  ainO_^  upon  the  decomposition  of  EMnO  in  alkaline 
solution  was  also  studied.  The  method  of  procedure 
was  that  previously  descrihed. 

TABL3  2 

Decomposition  of  Elln04  in  Alkaline  Solution 

100  g.  HqO.  5  g.  ZMnO^  and  1  g.  SaOH   


Time  of  Boiling  Start  Finish  Diff .   Per  cent 
hours) Decomp. 


.25 

5.00g 

4.96g 

.04g 

0.8 

.50 

5.00 

4.96 

.04 

0.8 

~   1.00 

5.00 

4.94 

.06 

1.2 

2.00 

5.00 

4.95 

.05 

1.0 

TABLE     5 


Decomposition  of  KlvInO.   in  Alkaline  Solution, 

100  g.   HgO,    Ig.  KaO  H,    Time   of  Boiling  0.5  Eours 

Start Finish Diff.        Per-cent  Decomp. 


5.00  g. 

4.96  g. 

.04  g. 

0.8 

4.00 

4.93 

.07 

1.75 

3.00 

4.98 

.02 

0.65 

2.00 

4.98 

.02 

1.00 

1.00 

4.(99 

.01 

1.00 

These  data  on  the  decomposition  inthe  presence 
of  alkali  indicate  that   the  action  of  the  alkali 
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is   slightly  to  increase  the   rate  of  decompo- 
sition of  the  permanganate  over  that   obtained  in 
neutral   solution  "but    since  the   actual  amount   of 
decomposition  is  so   slight   as  to  be  negligible 
as  compared  with  that   obtained  in  the  presence 
of  an  oxidizable  body  the   ei^periments  were  not 
carried  to  a  sufficiently  low  concentration  of 

KMnO^   to   show  the    characteristics  developed  in 
4 

neutral   solution  though,   no  doubt,   these   same 
characteristics  were  present.     In  general  these 
results  bear  out   thos  previously  obtained  and 
seem  to  indicate  that  the   effect   of  the  duration 
of  boiling  is   similar  whether  the   solution  is 
neutral   or  alkaline. 

The  foregoing  is  merely  a  general   descrip- 
tion and  mafees  no  pretense  of  being  an  interpreta- 
tion of  them.     What   the   physical   significance  of 
the  apparently  increased   stability  below   .SCgper 
liter  as  compared  v/ith  the   stability  at   concent- 
rations above  that   is,   we  do  not  pretend  to  say. 
We  merely  indicate  that   such  is  the  case.     As  to 
s-Pplyi^S  "the  information  gained  in  this   study  to 
the  actual  oxidation,    by  making  allowance  for  the 
rate  of   spontaneous  decomposition  of  the  permanganate, 
it  did  not    seem  practical  to   do   so;    first  because 
the  average   concentration  of  permanganate  maintained 
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in  the  oxidizing  solution  is  unkjiown  and,    second, 
■because  the  actual   quantity  decomposed  per   hour 
is  insignificant   compared  to  that   reduced  by  osi- 
dation  of  the   organic  "body  to  be  acted  upon. 

OJIDATIOH   OF   O-ITITSO   TOLUEHE 
The  raw  nitro-body  was  obtained  from  the 
Newport   Company  of  Carrollville,   Wis.,   and  from 
the   brief  tests  made   seemed  to  be   of  eseeptional 
purity.     The  only  isomer   customarily  present   is 
the  para-compound  and  this  with  two  parts  of  the 
ortho-body  forms  an   entectic  mixture  freezing  at 
-15.20,   whereas  the   two   isomers  alone   freeze  at 
54.4°  and  -10.50  respectively.      The  equilibrium 
diagram  given  in  Landolt  and  Bernstein  is: 

^®\oo?o  ?:!:T: . .  .??^:J!i?tt^® ????aif|&^® 

91.6  "  .'..,......,..46.2 

79.0  ."  38.5 

67.5  "  30.4 

46.6  "   11.6 

57.2  "  -1.2 

30.5  Sntectic  0.1. T. -P. IT. T.   -15.2 

24.9  O.K.T -14.4 

16.3  "    ,12.1 

11.2  "    -11.3 

Q.Q  "   -10.5 

On  slow  cooling  our  raw  material  did  not 
freeze  at  -10.5°  but  this  was  found  to  be  due  to 
supercooling,  because  when  a  few  crystals  of  a 
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previously  frozen  sample  were  dropped  into  tlie 
liquid  cooled  to  -10.5°  solid  matter  began  at 
once  to  separate  and  continued  to  do  so  until 
the  whole  mass  liad  solidified,  the  temperature 
meanwhile  remaining  stationary.  This  indicated 
that  "by  far  the  larger  part  of  the  material  was 
o-nitro  toluene  as  anj   appreciable  admixture  of 
otlaer  isomers  would  have  lowered  the  freezing 
point  appreciably. 

lext  about  500  cc .  of  the  raw  material  were 
cooled  and  sufficient  solid  o-nitro  toluene 
filtered  off  to  make  200  cc.  when  melted.  Steam 
distillation  was  not  applicable  for  further  purifi- 
cation as  it  will  be  seen  by  a  reference  to  Fig.  B 
that  three  parts  of  the  para  compound  would  distil 
over  with  every  five  parts  of  the  ortho,  so  as  a 
final  check  on  the  purity  a  distillation  was  made 
on  this  purified  product.  The  distillation  curve 
so  obtained  is  shown  in  Fig.  C.  The  thermometer 
used  was  calibrated  by  the  Bureau  of  Standards  and 
all  temperatures  were  corrected  for  calibration, 
emergent  stem,  and  barometric  pressure  to  760  mm. 

With  this  purified  material  a  specific  gravity 
determination  and  an  index  of  refraction  were  also 
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made  and  these  physical   constants  for  what   is 
probalDly  the  pirrest   sample  of  this  material 
ever   studied  are  herewith  appended.      The  oil 
was  in  every  case  dried  over   calcium  chloride 

"before  heing  used. 

20° 
Sp .   g 1 .2031— 

1.1641^0° 

Eefractive  index  at  20° 1 . 659 

Boiling  point  at   350  mm.(Corr.) 221.3° 

The  potassium  permanganate  used  was  of 
the   commercial  variety  and  where  titrated  against 
pure   sodium  osalate  it   ran  99%  of  theoretical 
oxidizing  power.   The  sodium  hydroxide  analyzed 
Befo  EaOH 

3fo     liSLpCOrz 

Z%  Ka  Cl"^ 
7%  HaoSO. 
Zfo  Hs'^O  ^ 

All  weights  of  hydroxide  recorded  are  for  the 
crude  material  and  may  he  considered  to  "be  approx- 
imately 90^  HaOH  since  any  KagCOg  is  as  effective 
as  laOH  after  a  short  time  due  to  the  CO2  liberated 
"by  over  oxidation.  The  nitric  acid,  potassium 
ferricyanide,  and  sodium  and  potassium  dichromate 

were  not  analyzed  nor  studied  particularly  as  they 
did  not  appear  especially  useful  in  this  work. 
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The  apparatus  in  every  case   consisted,  of 
a  wide-mouthQcL,    round -"bottomed  flask  equipped 
with  a  Hoplrins  reflux  condenser  and  the   cork 
protected  with  lead  foil.      This  was  entirely 
suita"ble  for  all:- reagents  except  nitric  acid  whicli 
tended  to  destroy  all  connections  and  necessi- 
tated the  use   of  ground  glass    joints.     Steam 
distillation  was  conducted  in  the  usual  way 
and  the  manganese  dioxide  filtered  off  on  a 
Buchner  funnel . 

The  oxidation  of  o-nitro  toluene  to   o-nitro 
henzoic   acid  was  tried  with  the  following 
oxidizing  agents:   potassium  ferricyanide, 
potassium  dichromate,    sodium  dichromate,    con- 
centrated nitric  acid  and  potassium  permanganate. 

The  oxidation  of  o-nitro  toluene  with 
potassium  ferricyanide  was  carried  on  in  an 
alkaline   solution.     Sodium  hydroxide  was  used 
in  place  of  potassium  hydroxide.     The  folloTn.ng 
is  an  account   of  the  method  used. 

Ipifty  grams  of  potassium  ferricyanide  and 
23  grams  of  SOH  were  dissolved  in  200  ccs.   of 
hot  water  and  2  grams  of   o-nitro  toluene  were 
added.     I'his  was  "boiled  for   2  or   5  hours  in  a 
flask  fitted  with  a  reflux  condenser.     I'he  unoxidized 


1.     Berichte  16-I8b5-P.52 
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o-nitro  toluene  was  removed  "by   steam  distillation, 
l^he   iron  02d.de  precipitate  was  filtered   off  and 
the  filtrate  was  acidified  with  h^Tdrochlorie  acid. 
The  filtrate  was  extracted  with  ether  and  the 
etheral   solution  evaporated.      The  reside  is  o-niT;rQ 
benzoic  acid. 

Two   oxidations  were  made  with  potassium 
ferricyanide  in  sodium  hydroxide   solution  with 
the  following  results. 

ISo.     Potassium  Sodium  Water,    G. 

gerricyanide  g.  Hydroxide  g. 

1/  60.  (47^0  excess)   25  200 

2.      ^7.4   (10^  excess)      20 200 

ho,      O-Mtro  Toluene  g.      O-Uitro  Tol.     Per   cent  yield 
Bee  over  ed  g. of  O.U.B. 

1-  2.00  .01  58.20 

2.  2.00  .02  30.00 

Altho   it   is  possible  to   oxidize   o-nitro 
toluene  7/ith  potassium  ferricyanide  in  alkaline 
solution,   the  results  obtained  Y/ere  not  very   satis- 
factory.     The  product   obtained  v/as  gray   in  color 
and  the  yields  were  low.     The  large  amount  of 
potassium  ferricyanide  needed  per  unit  weight   of 
o-nitro   benzoic  acid   formed,    together  mth  the 
large  excess  required,   make  the  method  a  costly  one. 
Assuming  a  yield  of  o-nitro   benzoic  acid  of  50^, 
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with  a  50%  excess  of  potassiiim  ferricyanide,    42 
pounds  of  potassium  ferricyanide  are  required 
for   every  pound  of  o-nitro   lienzoic  acid  formed. 
The  presence   of  iron  salts  discolors  the  o-nitro 
"benzoic  acid   formed  giving  it   a  gray   color. 
It  was  not   possilDle  to  oxidize  o-nitro 
toluene  to  o-nitro   "benzoic  acid  with  potassium 
dichromate   in  sulfuric  acid   solution.      One  run 
was  made  with  the   following  result. 

Potassium             Sulfuric  Acid,    g.            Water,    g. 
Dichromate,    g. 

27.5  46.0  200 

O-Kitro  Toluene,  g.  0-Iitro  Toluene  Per  cent  yield 
Hecovered,  g.    of  Q.IT.B. 

11.65  10.09  0.00 

This   charge  was  boiled  for   3-1/2  hours  in  a 

flask  fitted  with  a  reflujx  condenser  and  no 

o-nitro' "benzoic  acid  was  formed.     The  amount 

of  o-nitro  toluene  recovered  was  almost   equal 

to  the  amount  used  at  the   start.     This  result 

confirms  the    statements  in  the  literature,  which 

say  that   the  ortho   compound  camiot   be  oxidized 

by  a  chromic  acid  mixture. 

Sodium  dichromate  in  hydrochloric  acid  was 

also  tried   as  a  possible  oxidizing  agent.      Tv/o 
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rims  were  made  with  the   formation  of  no  o-nitro 

benzoic  acid.      In  Ran  Ho.  1,   the    charge  was 

boiled  for   1-1/2  hoicTS  and  in  Han  So.   E  the 

charge  was  hoiled   for  8  hours. 

Uq.     Sodium  Dichr ornate  g.     Hydrochloric     Water,    g. 
Acid,    g. 

1.  27  22  500 

2,  27  11  200 

0-Uitro     Toluene,    g.      0-litro      Toluene     Per   cent  Yield 
Recovered  g, of  O.U.B. 

1,  11.65  9.88  0.00 

Z,  11.55  8.81  0.00 

Concentrated  nitric  acid  was  used  as  the 

oxidizing  agent  with  no   success.     The  ahsence  of 

o-nitro   henzoic  acid  may  he  due  to  insufficient 

hoiling,   for   it  has  heen  obtained  "by  hoiling  o- 

nitro  toluene  for  40  hours  or  more  with  concentrated 

HHOr..   The  masimum  time   of  "boiling  was  3  hours  as 
o 

it  did  not   seem  practical  to  hoil  longer   than  this. 
In  Ran  Ho.  1  the   charge  was  hoiled  for  2  hours. 
In  Sim  Ho.   2  the   time  of  boiling  was  3  hours. 

Ho.        Hitric  Acid,    g.  Water,    g.        O-Hitro  Tol..g. 

1.  125  50  45.50 

2/  100  25  23.25 

Ho.      0-Hitro  Toluene                Per   cent   yield   of  O.H.B. 
Ee covered,    g. 

1.  25.05  0.00 

2.'  19,83  0.00 
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The  fact  tliat   a  large  percentage  of  the 
o-nitro  toluene  was  used  up  in  the  reaction 
without  the   formation  of  o-nitro. "benzoic  raises 
the   question  of  what  'became  of  it.     Che  o-nitro 
toluene  was  probably  converted  to  di-nitro 
toluene  by  the   action  of  the   nitric  acid,    the 
nitric  acid  nitrating  instead  of  oxidizing. 

OZIDATIOK  MTH  PSmiAHGAHATE 
The  best  method  pf  procedure  as  finally 
determined  was  as  follows:     The  proper  amount 
of  water   containing  the  dissolved  alkali  v/as 
placed  in  the  flask  and  the   20  g.   o-nitro  toluene 
run  in  from  a  pipette  which  was  calibfated  to 
deliver  that  weight.      The  requisite   quantity  of 
permanganate  was  then  weighed  out  and  introduced 
into  the  flask  in  about   six  portions  at  three- 
quarter-hour   intervals  and  the  mixture  boiled 
with  sufficient  vigor  to  maintain  a  good   stirring 
action.     IThen  completely  decolorized  after   the 
last   addition  of  permanganate,  the   flask  was 
disconnected  and   set  up  for   steam  distillation 
while  hot  and  there   subjected  to  vigorous  action 
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to  remove  all  traces  of  unosiidized  o-nitro 
toluol  from  solution  and  from  the  voluminous 
manganese  precipitate.     After  the   condensate 
"becomes  clear  and  the   solution  no  longer   sruells 
of  nitro  toluol,   the  manganese -dioxide  is 
filtered  off  and  the  filtrate  acidified  and 
evaporated  to  500  cc.,    cooled,    and  o-nitro 
"benzoic  acid  filtered  off,   dried  at  100^,    and 
weighed . 

At  this  point   it   would  be  well^to   explain 
that  allowance  was  made  for   the   product  remain- 
ing in  solution  when  calculating  the  yield  and, 
in  order  to  determine  the    conditions  at  which 
this  loss  would  "be  at  a  minimum,    solubility 
curves  were  run  for   o-nitro   "benzoic  acid  against 
temperature  and  against  the  weight   of   chlorides 
present   in  a  dilute  hydrochloric  acid  solution, 
and  also  against  temperature  in  dilute  nitric 
acid   (see  Pigs.  S,   P,   and  G. ) 

The   solubility  of  o-nitro   benzoic  acid  in 
a  KCl-EaCl   solution,    acid  with  ECl  is  about  O.SJ^o 
at  11°  C.      In  order  to  determine  whether  the  amount 
of  O.K.B.  left   in  solution  could  be  conveniently 
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lowered,    some   solulDility  determinations  were 
made. 

Besides  hydrochloric  acid,   nitric,    acetic 
and   sulfuric  acids  were   considered  as  possilDle 
acidifying  agents.     Owing  to  the  low  solubilities 
of  the   sulfates  of  potassium  and  sodium,    sulfuric 
acid  was  eliminated  as  being  undesirable  for  use. 

Acetic  acid  was  found  undesirable  as  the 
acidifying  agent  because  the   solubility  of  O.K.B, 
in  a  KQ2S.^Q^-MC2'^502^    .   SEgO   solution,    acid  with 
C2H4O2  was  greater  than  0.6fo  at  11°   C.      The 
KC£E302  added  to  500  cc.   of  EgO  was  an  amount 
equivalent  to  the  KgO  resulting  from  the  decompo- 
sition of  the  EMnO^.      The  amount   of  KaC  E„0   .SEgO 
added  to  this  same  volume  of  EgO  was  equivalent 
to  the  HaOE  added  with  the  iain04   (1%  of  HaOE  in 
1760  cc.   of  HgO.)     The  K^Q  resulting  from  77  g. 
of  lainO^  was  considered  as  this  amount   of  KMnO/ 
was  added  to  each  30  g.   of  o-nitro   toluene. 
lO  cc.   of  glacial  C2E4O2  was  added  to  the   solution. 

Bitric  acid  was  nest   considered.     The 
solubility  of  O.W.B.   in  a  imo^  -  KalTO^  solution 
acid  with  EBO^  was  found  to  be  less  than  0.6^ 
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at  11°  C.  The  actual  figure  is  .56%  at  ll"  C. 

at  5°  C,  the  solulDility  drops  to  .49%. 

The  solubility  curve  of  O.K.B.  in  the 

EIIO„-HalO„  solution  acid  with  HHO„  was  determined 
3     3  3 

as  follows: 

An  amount  of  KNO5  equivalent  to  the  KpO 

resulting  from  the  decomposition  of  77  g.  of 

KMnO^  was  added  to  some  water,  which  contained 

10  cc.  of  concentrated  HKO.Z.  An  amount  of  UaHO 

^  3 

equivalent  to  the  EaOE  added  with  the  lainO. 
was  added  to  this  same  solution.    To  this 
5  g.  of  O.IT.B.  was  added  and  the  whole  solution 
was  made  up  to  500  cc.  The  O.I.B.  added  had  a 
melting  point  of  147.7°  C.   The  solution  was 
warmed  until  most  of  the  O.N.B.  had  dissolved. 
It  was  cooled  to  40°  C  and  the  undissolved  O.H.B. 
was  filtered  off.   The  residue  was  washed  with 
some  of  the  filtrate  and  was  then  dried.  The 
filtrate  was  now  cooled  to  20°  aM  the  O.H.B. 
was  filtered  off  and  w®.shed .  Points  on  the 
curve  were  also  obtained  at  15,  10  and  5°  C, 
similarly.  The  dried  residues  were  treated  with 
ether  and  the  solutions  were  filtered,  the 
filtrates  being  collected  in  weighed  beakers. 
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tier ' 

The  ether  was  evaporated  and  the  remaining  O.H.B. 
was  weighed.     This  treatment  v/ith  ether  will 
separate  the   O.U.B.   from  any  nitrates  which  might 
"be  present . 

In  order  to   correct  the  various  yields  of 
O.E.B.   for   the  amount   left   in  solution  af^er 
. crystallization,   two  solubility  curves  were 
determined.      One   curve  gives  the   solubility  of 
O.I.B.    in  a  KCl-KaCl  solution,    acid  with  HCl, 
at  various  temperatures.     The  XCl  in  solution 
is  equivalent  to  77  g.   of  KlvInO     and  the  laCl  is 
equivalent  to  the  1%  of  laOH  added.     The  other 
curve  gives  the   solubility  of  O.H.B.   in  a 
KCl-EaCl  solution,   and  with  HCl  at  15°  C  with 
various  amounts  of  HaCl,   the  amount   of  laCl 
added  increasing  up  to  the   equivalent   of  4/^aOE. 

TABLE     4 

Solubility  of  O.IT.B.   in  a  ZCl-UaCl  Solution  Acid 
with  KCl  at  various  temperatures,   36.3  g.  KCl, 
25,6  g.  I^aCl 


10  cc.  cone.  HCl,    500  cc .   of  Solution 
Temperature  C.  O.H.B.   in  solution,    g. 

11  2.54 

22  2.55 

30  3.02 
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TABLS     5 

SoliiMlity  of   O.IT.Bq   in  a  ECl-HaCl  Solution 
Acid  with  HCl  at  15   C,   with  increasing  concen- 
trations of  KaCl.        10  CG.   Cone.  ECl,    500  cc . 
of  solution. 

KCl.g.     laCl,g.     lainO.  EaOH  Per        O.U.B.   in 

— n:q7TTvT_g.aq77iTr.  ^g..     Cent  Solution. g, 

0.00  0.00  0.00  0.00  .00  3.70 

9.40  6.60  19.95  4.50  .25  3.35 

18.20  12.80  38.60  8.75  .50  3  00 

27.00  19.00  57.30  13.00  .75  2. 60 

36.30  25.60  77.00  17.50  I.OO  2.55 

36.30  51.20  77.00  36.00  2. 00  1-15 

36.30  76.80  77.00  52.50  3. 00  1-15 

56.30  102.40  77.00  70.00  4.00  1.16 


!I?he  soluhility  curve   of  O.II.B.    in  the 
KCl-HaCl  solution,    acid  with  HCl,   was  obtained 
in  the   same  manner  as  the   corresponding  solubility 
ourve  of  O.l.B.   in  the  acid  nitrate   solution. 

^he   salting  out    curve,   which  gives  the 
solubility  of  O.l.B.   for   increasing  concentrations 
of  alkali,   was  obtained  as  follows: 
An  amount   of  KCl  equivalent  to    77  g.   of  KMnO 
was  mixed  with  an  amount   of  UaCl  equivalent  to 
17.5  g.   of  UaOE.     Tliis  was  divided  into  four 
equal  portions  and  each  portion  was  added  to  a 
500  cc.   ECl   solution  which  contained  5  g.   of 
o-nitro  benzoic  acid.     The  O.U.B.  which  separated 
from  the   solution  after   each  addition  of  SCl-EaCl 
mixture  was  filtered   off  and  weighed.     After  the 


27 


addition  of  the  fourth  portion,  UaCl  was 
added  in  successive  amounts  equivalent  to 
17.5  g.  of  laOH.  After  each  addition  of  HaCl, 
the  O.K.B.  which  separated  was  filtered  from 
the  solution.  The  laCl  was  added  until  an 
amount  equivalent  to  4%  of  EaOH  was  in  sol- 
ution. All  the  OLH.B.  which  was  filtered 
from  the  solution  was  dried  and  treated  with 
ether.  The   ether  solution  was  evaporated  in 
a  weighed  bealrer  and  the  amount  of  O.K.B. 
determined.  By  suhtracting  the  total  amount 
of  O.H.B.  separating  at  a  definite  concent- 
ration of  UaCl  from  5  grams,  tlie  amount  left 
in  solution  at  that  concentration  is  determined. 

In  the  use  of  potassium  permanganate  in 
alkaline  solution  there  are  tliree  possihle 
factors  to  "be  taken  into  account  inudetermin- 
ing  the  optimum  conditions  for  the  oxidation; 
these  are  concentration  of  reacting  substances 
v/here  their  proportions  to  one  another  is 
kept  constant,  concentration  of  alkali,  and 
per  cent  of  permanganate  in  excess  of  theoreti- 
cal. 

S^j'FECT  OF  COIICSKTHATIOI 
This  was  determined  "by  arhitrarily  selecting 


28 


an  alkalinity  and  a  certain  escess  of  WmO 
and.  varying  the  amount  of  water  used  with  a 
given  weight  of  o-nitro  toluol.  Brief 
preliminary  experiments  lead  us  to  thinlr  that 
a  concent  rax  ion  of  ifo  alkali  and  10^  excess 
permanganate  would  he  an  approximation  to 
optimum  conditions  and  would  "be  sufficiently 
close  for  determining  optimum  dilution.   This 
supposition  was  afterwards  shown  to  "be  correct 
as  v/e  found  that  the  use  of  a  different  alkali- 
nity or  a  different  excess  of  permanganate 
gave  essentially  the  same  shaped  curve  for  yield 
vs.  dilution,  though  of  course  in  a  different 
vertical  position  on  the  cross-section  paper. 
This  showed  that  an  optimum  dilution  obtained 
from  one  arbitrarily  chosen  set  of  conditions 
held  for  others  and  this,  in  general,  is  true 
for  optima  of  alkalinity  and  of  per  cent 
excess  permanganate. 

All  figures  are  Taased  on  30  g.  of  o-nitro 
toluol  and  will  "be  so  understood  in  the  follow- 
ing discussions  unless  otherwise  specified. 
Increasing  the  quantity  of  water  from  zero  up 
to  1-1/2  to  1-3/4  liters  produces  a  marked 
increase  in  yield,  hut  beyond  a  diluting  of 
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2  liters  the  curve  (Pig.E)  begins  to  flatten 
out  and,  although  it  continues  to  rise  slightly, 
does  not  show  an  increase  in  yield  of  over  6^^ 
when  the  dilution  is  increased  from  2  liters  to 
4  liters.  The  dilution  to  select  is  quite 
optional  and  in  conunercial  work  should  be 
governed  by  the  cost  considerations  of  water, 
steam,  space,  capacity  of  equipment,  and  value 
of  raw  material  and  product. 


Per  cent  yield  of  o-lJitro  Benzoic  Acid  vs.  Dilution, 
30  g.  of  O.H.T.,  77  g.  of  mijiO.    {lOfo   excess)  and 
10  g.  laOH  per  liter  of  Water 


Water,cc. 

O.U.T. 

Per  cent 

Yield 

of 

Per  Cent 

Secovered,g. 

O.K.B. 

,^- 

100 

10.71 

35.70 

7.23 

19.75 

500 

3.77 

12.56 

15.23 

41.70 

1000 

1.73 

5.77 

20.12 

55.00 

1500 

0.48 

1.60 

25.20 

68.80 

2000 

1.15 

3.84 

27.14 

74.20 

2575 

.30 

1.00 

27.82 

76.10 

3000 

1.38 

4.60 

29.52 

80.70 

4000 

0.103 

0.34 

29.36 

80.20 

EFFECT  OP  ALKAII 
The  conditions  for  determining  this  variable 
were  chosen  in  a  manner  similar  to  those  used  for 
determining  the  effect  of  dilution  except  that  in 
this  case  we  used  a  dilution  which  our  previous 
work  showed  to  be  an  optimum.  This  was 
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taken  at  1750  cc.  which  seemed  "best  as  a  point 
at  which  a  reasonahle   dilution  was  accompanied" 
"by  fairly  high  yields.     The    qaantity  of  o-nitro 
toluene  used  was   still  held  at  50  g.   and  the 
permanganate  at  10^  in  excess  of  theoretical 
while   the   alkalinity  was  varied  from  zero  to 
8>  by  weight    of  solution.      (By  alkalinity  we 
refer   here  to  the   sodium  hydroxide  -  90^0  UaOH  - 
actually     adaed  and  make  no  reference  to  the 
potassium  hydroxide  formed  "by  decomposition  of 
the  permanganate  as  this   is  a  constant   quantity.) 
The   effect   of  varying  amounts  of  alkali  added 
does  not  produce  a  very  large   change  in  the 
percentage   of  nitro  toluene    oxidized  for  two 
reasons.     The  27.5  g,   of  KOH  formed   from  77  g. 
of  permanganate  may     he  said  to  represent   an 
average  alkalinity  throughout  the  run  of  13.7  g. 
or   an  equivalent   of  0.6%  in  terms  of  KaOE,    and 
this   as  well  as  the    caustic  that   is  added  is 
reduced   in  effectiveness  by  the  COo   evolved 
during  oxidation.     As  a  matter   of  fact   it  v/as 
found  tnat  in^  every  case  up  to  7%  alkalinity 
considerable   quantities  of  CO     were  given  off 
which  showed  that  "all  the  alkali  was  present  as 


31 


car"bonate  and  tlie   oiiLy  alkalinity  being  dealt 
with  was  that  due   to  l^dro lysis  of  potassiimi 
and    sodium  carbonates.     This  was   quite   con- 
clusively proved  in  two  ways.      In  on©  or  two 
runs    escaping  COg  was  caught    in  standard  barium 
hydroxide   solution  and  the   excess  hydroxide 
titrated  with  standard  acid;   the  caustic  presant 
in  the   oxidizing  solution  was  calculated  as 
carbonate  and  the  total  CO     thus  obtained   figured 
to   o-nitro  toluol.     This  added  to  the  unchanged 
O.H.T.  and  to  that  which  was  converted  to  o-nitro 
benzoic    acid  added  up  to  over   99%  of  the   O.U.T. 
at  the   start .     Uext  a  nin  was  made  in  which 
equivalent  weight   of   sodium  carbonate  was   sub- 
stituted for  the  usual    caustic    soda  keeping  every- 
thing  else  the    same.     The  product  thus   obtained 
was  almost   identical  in   quantity,   purity,    and 
appearance  with  that  formerly  gotten,  the  only 
difference  in  the  two   runs  being  that  a  vastly 
greater  amount   of  COo,   as  would  be  expected, 
was  evolved. 

The  time   for   oxidation  was  nearly 
the    same   in  all   cases  where  alkali  was  used, 
but  where  none  was  added  the  action  required  about 
dofo  more  time  to  go  to   completion.     The   appear- 
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ance  of  the  product,  however,   hecoines  increas- 
ingly poor  as  the   allsalinity  is   increased  and, 
whereas  with  no   caustic  a  snow  white  crystal- 
line   body   is   produced,   with  6  and  8%  caustic 
it  "becomes  yellowish  or  even  brown  and  of  poor 
crystalline  formation. 

From  the  point  of  view  of  time  ■ 
required,   and   acid  and  alkali    consumed  it   seems 
most  desirable   to   operate  at  an  alkalinity 
of   ifo. 

Per  cent  Yield   of  o-Iitro  Benzoic  Acid  Ys. 
Alkalinity.      30  g.    of  O.H.T.,    77  g.    of  Kl^InO 
and  1750  cc .   of  Water.     , ^ 


Per   cent     O.U.T.  Re-     Per   cent     Yield   of     Per   cent 
HaOH  cover  ed,p;. Q.H.B..g. 


0.00 

1.S5 

4.50 

24.80 

67.80 

1.00 

.75 

2.50 

26.55 

72.50 

2.00 

1.31 

4.37 

26.10 

71 .30 

3.00 

.85 

2.84 

26,00 

71.00 

4.00 

.375 

1.25 

25.23 

69.00 

5.00 

1.65 

5.50 

23.80 

65.00 

6.00 

20.95 

57.26 

8.00 

1.80 

6.00 

14.03 

38.35 

EIBTECT   Og  P^IvIAtTG-AHATa 
Taking  the  conditions   of  alkalinity  and 
dilution  previously  determined,   viK.1%  HaOH  and 
1750  cc  .water,   the    quantity  of  permang  - 
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anate  used  was     varied  from  theoretical  to 
ZOfo  excess  and  the  per   cent   excess  plotted 
against  yield   of  o-nitro   "benzoic   acid    (Pig.Z). 
The   effect   of  this  variation  was  more  pro- 
nounced than  either   of  the  previous  variables 
and  the    curve  shows  a  very  pronounced  maxisr 
mam  at   10%  excess.     The   recovery  of  unchanged 
o-nitro  toluene  was  not  much  affected  by  c 
changing  the  simount   of  permanganate  used,   the 
variation  in  yield  being  due   entirely  to 
ovsp   or  under   oxidation  of  the   same  amount  of 
o-nitrD  toluene/ 

The   practice  of  adding  the    solid     . 
permanganate  in  four  to   six  portions  as  was 
done  throughout    this  work   is  not  the   best 
procedure  and  it    is    suggested  that,    for   fut- 
ure work,    some  method   of  addiiig  the  permanga- 
nate continuously  and   so  maintaining  a  low, 
uniform  concentration  be  adopted.     The  reason 
for  this  will  be   seen  from  the   sudden  evolution 
of  gas  that   occurs  vflien  permanganate  is  added 
to  the  hot  solution.     This  gas  is  undoubtedly 
COp  and  it    shows  the   extreme   over -oxidation 
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and  resultant  lowering  of  yields  tliat  this  prac- 
tice produces.     One  method  tLat  vras  tried  was  to 
hang  a  tasliet   containing  the  permanganate  under 
the  reflux  condenser   so  that  the  hot    condensate 
would  drip   on  it   and  carry  tlirough  enough  per- 
manganate to  maintain  the   proper   concentration 
in  the   oxidizing  solution.      ?he  amount   added 
in  this  way  can  be   controlled   by  the    size   of 
the  permanganate  particles  and    uy  the   rate  of 
boiling  of  the    solution,      She  method,   however, 
had   one  big  objection.      The  o-nitro   toluol 
distills  v/iththe  steam  and,    on  running  back 
with  the    condensate,   much  of  it   remains  in 
the  basket   in  direct   contact  with  solid  per- 
manganate.    This  not   only  results  in  burning 
this  part    of  the  material,    but   also  in  coating 
the  permanganate  with  oxides  of  manganese  v/hich 
hinder  or  prevent   its  proper   solution.     The 
net  result   of  runs  made  in  this  v/ay  was  a  yield 
that   averaged  a  few  per   cent   lower  than  that 
o"btained  with  the  usual  method.      It  would    seem 
from  this  that   in  sopite   of  its  obvious  defects, 
the  method  is  not  much  worse  thsji  that    of  add- 
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ing  the  pernBiiganat e  in  successive  portions, 
and  it    is  probable  that   if  a  way  were  deTelop- 
ed  for   feeding  the   permanganate  into  the 
reaction  kettle    coiitimioiisly  either   dry  or  as 
a  slurry  and  preferably  below  the   surface  of 
the   liqaid,   a   considerable  increase  in  yield 
would   result . 

Per -cent  yield   of  o-nitro   benzoic  acid 


vs.   Potassium  Permanganate' 

30  g. 

0, 

,H.T.,      1750  CO.    of  Water  and  1%  HaOH 

KttoO^ , 

g« 

.     Per    cent  O.I.T.         Per     Yield  of 
Excess  Eec'v'd.g.    Cent     O.H.B. 

Per 
Cent 

69.60 
73.10 
77.00 

80.04 

.00            2.86            9.55     22.07 

5.00            2.22            7.40     23.90 

10.00            1.20            4.00     27.15 

15.00            2.75            9.16     22.34 

60.40 
65.40 
74.20 
61.10 

a?HE  Sail-COlM^gtCIAL  EUlS 
After   having  determined  the  best 
conditions  for  the    oxidation  of   o-nitro   toluene 
to   o-nitro  benzoic   acid   in  alkaline   solution, 
the  following  run  was  made . 

The   folio ra.ng   conditions  were  maintained; 
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1.  An  alkalinity  of  T/b  KaOH 
£.  A  dilution  of  30  g.    of  o-nitro  tol- 
uene to  1750  cc.    of  water 
5.  A  10/^  excess  of  potassimn  permanga- 
nate 

One  and   one--quarter   ponnds  of  commercial 
sodium  liydroside  were  dissolved  in  l^t)  pounds 
of  water.     This   solution  was  heated  nearly  to 
"boiling  in  a  steam  heated,   enamel  lined,   reaction 
kettle   fitted  with  a  glass   condenser.     Two  and 
one-eighth  pounds  of  o-nitro   toluene  with  one- 
eighth  of  the   required  amount   of  solid  EilnO^  were 
now  added.     This   charge  was  "boiled  as  fast  as 
the  glass  condenser  would   allow  until  the  EltoO^ 
was  entirely  reduced.     This  took  a"bout   one  half 
an  hour.     The   solid  HJInO^  was  added  in  one- 
eighth  portions  every  one-half  hour  over   a 
period  of  four  hours.     After   four  hours  of 
slow  boiling,   the  reaction  was  thought   to  "be 
complete  "because  the  solution  showed  no  color 
of  permanganate.     Later,    in  drawing  off  the 
solution,    quite  a  lot   of  El^InO^  was   found  to  have 
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settled   out   of  the   solution  due  to  insufficient 
agitation. 

The   charge  was  now  steam  distilled 
to  remoYe  the  unosidized  o-nitro  tolueoae  .     This 
was  done  by  heatijog  the    charge  with  steam  end. 
reversing  the    condenser,    so  that  the  distil* 
late  would     not  drop  hack  into  the  reaction 
kettle.     'Jhen  the  distillate  came   over  water 
white  the  distillation  was  stopped  as  all  the 
o-nitro  toluene  had  "been  removed.     The   o-nitro 
toluene  was  extracted  in  the  usual  v/ay  and  the 
per    cent    of  recovery  calculated. 

The   charge  was  now  drawn  from  the 
reaction  kettle    and  filtered  through  canvas 
in  a  large  earthenware  suction  filter.     The 
manganese  dioxide  was  thoroughly  washed  with 
water    and  the   filtrate  was  boiled  for  about 
one-half  an  hour  in  enameled   containers.     The 
filtrate  was   refiltered,   after   foiling,   through 
a  thick  layer  of  sand   in  the  same   suction 
filter.     The  presence  of  lainO^  in  the   charge 
from  the   reaction  kettle   could  be  detected  by 
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its  action  on  the  canvas  filtering  mecLitim. 

^.Vhen  the   filtrate   came  through 
clear  after   the    second  filtration  it  was 
evaporated  to  the  required  volume  in  copper 
lined,    steam  heated  kettles.      It  was  thought 
that  the  filtrate  could  te     reduced   in  volume 
in  copper   containers  hut  this  was  found  to 
he  in  error   later   on,    as  copper  was  found  in 
the   filtrate  from  the  mother  liquor. 

This  hot    solution  was  now  acidified 
with  concentrated  hydrochloric  acid  in  an 
enamelled  "bucket.      The    solution  was   cooled  to 
room  temperature  and  the   crystalline   o~nitro 
benzoic   acid  was  filtered  off.     The   crystals 
were  put   in  a  centrifuge  v/here  the  mother     liquor 
v/as  removed.      They  were  further  dried  to   cons- 
tant weight    in  a  steam  drying  oven.     After  add- 
ing the  amount    of  o-nitro   "benzoic  acid  left   in 
solution  to   our  yield,  the  per-cent  yield  was 
calculated. 

DATA 

The   Charge :- 

1E5  pounds     of  water 

1.25     "  "  sodium  hydroxide 
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2.13  pounds  of  o-nitro  toluene 

5.44        "  "     potassium  permangante 

o-Kitro   Soluene     Per   cent     Yield   of         Per   cent 
Re  c  over  ed.  lias.     Recovery       Q.IT.B.l"bs.       Yield 

0.2E4  10.55  1.39  53.85 


The   low  yield   of  o-nitro  laenzoic  acid 
is  doubtless  due   to  the  following  reasons: 

1.  The   fact  that   all  the  permanganate  added 
was  not  used,   due  to   insufficient  agitation. 
This  also   accounts  for  the  high  percentage  re- 
covery of  o-nitro   toluene. 

2.  The  loss  of  o-nitro  toluene  "by  the   oxidation 
to  carhon  dioxide  and  water  due  to  the  addition 
of  permanganate  in  larj^e  amounts. 

3.  The   loss  of  ozygen  from  the  potassium  per- 
manganat  e . 

4.  The  formation  of  a  copper    salt   of  O.K.B.   with 
the   copper   of  the  kettles. 

Copper  kettles  should  not   be  used  in 

reducing  the  volume  of  the   solution,   because  the 

solution  reacts  with  copper.     This  was  shovm.  to 

1.     After    each  addition  of   solid  laihO.   to  the 
charge,   the   evolution  of  a  great   amount   of  gas 
was  noted.     This  was  doubtless  COp  from  the   O.N.T. 
and   Og  from  the  ainO. .  ^ 
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"be  true  by  getting  a  decided  test  for   copper   in 
the  mother  liquor.     The   fact  that    only  about   one- 
half  of  the  calculated  amount   of  HCl  was  added 
to  acidify  the    solution  shows  that   the   alkali 
may  have  reacted  with  the   copper.     The  low  yield 
of  o-nitro   benzoic   acid  may  be  due  to  the   forma- 
tion of  a  soluble   copper    salt    of  the   acid. 

anamelled   containers  were  found   to  be 
thje   best  for  use  in  mailing  this  particular 
organic  acick . 

TBS  IvIAirUFACTIIRa  Qg   0-IJlITEQ  BEI'IZQIC  ACID 

Of  the  various   oxidizing  agents  used 
in  oxidizing  o-nitro   toluene,    potassium  permanga- 
nate was  found  to  be  the  best.     The  best   conditions 
of  alkalinity,    dilution  and  excess  of  potassium 
permanganate  were  found  to  be  the  following: 

1.  An  alkalinity  of  1%  UaOH 

2.  A  dilution  of  30  g.   of  o-nitro  toluene 
to  1750  cc .  water 

3.  A  10^  excess  of  potassium  permanganate. 
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The  mantLfactiiring  process  follows:- 
The   required  amoTint   of  caustic   soda   solution  is 
placed  in  an  enamelllined,    steam  lieated  suction 
kettle  fitted  with  a  reflux  condenser.     The 
solution  is  heated  nearly  to  "boiling  -nhen  the 
o-nitro  toluene   i s  put   into  the  hot   solution 
■with  about    one-eighth  of  the  required  amount 
of  solid  potassium  permanganate.      The   solution 
is   boiled  until  the  KUnO.    is  decolorized  when 
another   portion  is   added.      It  will  take   about 
four  hours  for  the   entire  amount   of  EMuO^  to 
be  reduced  1^  the    o-nitro   toluene.     The   success- 
ive additions  of  one-eighth  of  the   required 

amount    of  EllnO^   every  one-half  hour  was  fouiid 
4 

to  be   satisfactoiyv 

The  unozidized  o-nitro  toluene  is  now 
removed  by  steam  distillation.     This   is  done   in 
the    same  kettle   by  using  an  ordinary  condenser 
instead  of  a  reflus  conienser.     It  is  advanta- 
geous to  have  the   reaction  kettle   fitted  vd-th  two 
condensers,    a  raflus  and  an  ordinary  condenser. 
By  the  turning  of  a  valve   one   can  be  cut   out .     The 
o-nitro  toluene  can  be  removed  by  passing  live 
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steam  into  the  liot    solution  or  by  simply  heat- 
ing with  steam.     The  latter  method  seems  to  he 
the  hetter   one  in  this  instance  "because  the 
volume  of  the  solution  is   reduced,  while  in  the 
former  method  the  voliime  of  solution  is  increased 
due  to  the  water   from  condensed   steam.      The 
latter   method  was  found  to  work  satisfactory. 
When  the   distillate  comes  over   water  white  all 
the   o-nitro  toluene   is  removed.      This  operation 
should  take   from  one-half  to   one  hour. 

The  hot  cliarge  from  the  reaction 
kettle   is  now  sent  to   a  filter  press  where 
the  manganese  dioxide  is  removed  and   thorough- 
ly washed.     The   filtrate  from  the   filter  press 
is  reduced  to  the   required  #olujiie  in  a  steam 
heated,    enamel  lined  kettle.      If  any  more 
manganese  dioxide  separates  from  the   solution, 
the    solution  must  he  refiltered.      If  not,    the 
solution  is  pumped  to  an  enamel  lined  acidify- 
ing tank  where   concentrated  hydrochloric  acid 
is  added  to  the  hot  solution  until,  it  is  acid. 
The  hot  solution  is  allowed  to  cool  to  room 
temperature  in  the  acid'ifying  tank.     Crystals 


43 


of  o-nitro  Taenzoic  acid  separate  on  cooling. 
The  mother   liquor   is  now  drawn  off  from  the 
crystals  and  the  wet   crj^Btals  go  to  the 
centrifuge  where  most   of  the  solution  is  thrown 
out . 

ITrom  the  centrifuge,    the   crystals 
are  sent   to   a  steam  drying  oven,  where  they 
are  dried.     The  crystals  are  not  further 
purified. 

Starting  with  a  good  grade   of  o- 
nitro   toluene,   the   o-nitro   "benzoic   acid  formed 
in  the  manner  descri"bed  is  very  pure.     The 
product   formed  was   crystalline,   white  and 
melted  at  147. 4°  c. 

The  unoxidized  o-nitroitoluene  mast 
he  removed  to  get   a  pure  o-nitro  benzoic  acid. 
If  there  is  enough  o-nitro  toluene  unoxidized 
to  warrant  recovery,  this   can  be   accomplished 
as  follows ;- 

The  o-nitro  toluene  is  removed  from 
the  water  by  extraction  with  ether.     The  water 
is  removed  from  the     ether   solution  of  o- 
nitro  toluene  by  withdrawing  the  lower  layer. 
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The   etlier    solution  is  dried  over    calcium 
chloride.     Ther  ether   is  now  boiled  off 
leaving  the   o-nitro  toluene   "behind.      The 
ether  vapor   is   condensed  and  is  used  again. 
The   experimental  results  indicate 
that    it  vdll  not   pay   to   recover  the  unoxidiz- 
ed  o-nitro  toluene   as  an  average  of  only 
2.5%  is  imoxidized.     Also  the   comparatiire 
cheapness  of  the  material  would  not  -warrant 
recovery  in  such  small  amounts. 


PEQBABLB  COST  OF  PLAICT  IIAKIHG 
50  POUimS    OF  O-IITBO  BM20IC  ACID  PER     DAY 
In  the   following  calculations,   the 
yield  is   assumed  to  he   75%  of  theoretical. 


Cost  of  Chemicals  per  Day 

o-Kitro    Toluene     54.5  lbs.   at    .25  ^13.60 

Potassium  Permanganate  Tod  lbs.  at  .75  104.20 
Hydrochloric  acid  (53%)  202  lbs.  at  .05  10.10 
Sodium  Hydroxide     31.6  lbs.   at    .05  1.58 

^29.48 


COST   OF  EQUIPM3NT 
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Building  and  Groands 

(500  sq.   ft.    of  floor   space) 

Two   enamel  lined  reaction  kettles 
(500  gals,    capacity)      at   ^750 

Two     steel  reflus   condensers  at   §100 

Two    steel  condensers     at  $75 

One  filter  press  at   ijpHOO 

One  Steam  heated,   enamel  lined  Kettle 
(500  gals,    capacity)      at  $500 

One  enamel  lined  acidif^-ing  and 
crystallising  tank:,   250  gals, 
capacity  at     $£00 

One  Centrifuge     at  ^125 

One  Steam  drying  oven       at   ^200 

Two   Pumps  at   $50 

One  25  h.p.   "boiler  and   setting 

Piping  and  fittings 

Tot al  Investment 


^2500 

1500 
200 
150 

200 

500 

200 
125 
200 
100 
1000 
500 


Cost  per     Year : 
Interest  at   5fo 
Depreciation  {5%) 
Insurance  and  Taxes   ilfo) 


,|!7170 

358.50 

558.50 

71.70 

$788.70 
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0P3RATIHG  SgPSKSaS 
Cost    of  Chemicals    (500  days)  |J38,844 

Cost   of  Coal  1,080 

Labor  and  Management  5,500 

Maintenance  and   repairs  500 

$46,924.00 
788.70 


1)47,712.70 


50     X  300  =  15,000  lbs.   of  o-Nitro   Benzoic 

Acid  per  year.      ^7.712.70       -  $3.18. 

15,000 

It   is   evident   from  the   foregoing 
figures  that   it  would  be  impossible  to  manu- 
facture o-nitro    benzoic   acid  by  this  method 
and  make  a  profit  at   prevailing  market   quota- 
tio2is.     The  high  cost   of  manufacture  is  almost 
entirely  due  to  the  cost  of  potassiura  permanga- 
nate.    To   show  how  the    cost    of  manufacture  could 
be  lowered  by  using  sodium  permanganate  made 
at  the   same   plant,   the  following  figures  are 
submitted: 
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Cost    of  Sodium  Permanganate  per  Lb»  ^O.EO 

125  lbs/   at   ^0.20  25.00 

Other   Chanioals  25.50 

^50.30 
300  Z  $j50.30   =  ^15,090      (cost   per  year). 

On  this   "basis,    o-nitro   "benzoic  acid 
could  "be  niade   for   about   vl.40  per  pound. 

The   sodium  permanganate   could  be 
made  by  the    reaction  of   sodium  hydroxide  and 
manganese   chloride.     The  sodium  manganate 
formed   could  be  osidiaed  to   sodium  permanga- 
nate by  chlorine   or   electrolytic   oxygen.     As 
sodium  permanganate  will  not  crystallize  from 
the   solution  in  which  it    is   fomed,    this   solu- 
tion could  be  used  as  the    osidizing  solution. 

smm.m 

O-nitro   toluene    can  be   oxidized  to 
o-nitro   benzoic  acid  by  alkaline  permanganate 
with  yields  as  high  as  SO'^^o  and  2%  of  unchanged 
o-nitro  toluene  recoTered. 
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The  results  of  this   study  may  "be 
briefly  summarized  as  follows; 

1.  Of  the   oxidizing  agents,    chromic  acid, 
alkaline  ferricyanide,   nitric   acid,   and  per- 
manganate,  the  latter  was  found  most    suitable. 

2.  The  best  concentration  was  one  part  by 
weight  of  o-nitro  toluol  to  sixty  parts  of 
water. 

3.  The  most  advantageous  alkalinity  was  a 
one  per   cent   solution  of  90';^  commercial 
sodium  hydroxide. 

4.  Best   results  were  obtained  v/hen  10'?? 
excess  potassium  permanganate  over   theoreti- 
cal was  used. 

5.  Best   operating  conditions  are  as  outlined 
above  with  the   follov/ing  qualifications: 

a.  Continuous  and  uniform  addition  of 
permanganate . 

b.  Vigorous  boiling  or  other   agitation 
at  100°. 

c.  Use   of  enamelled  vessels. 
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